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Abstract 



A sensor system for detecting impacts to a vehicle, allowing for actuation decisions of passive restraint 
devices. The sensor system includes one or more piezoelectric sensor assemblies (42), each including a 
coaxial piezoelectric cable (44) contained within a tube housing (54), which is mounted to a structural 
member of the vehicle. The sensor system may also include accelerometers (36, 38) that are also in 
communication with the restraints control module (40) and employed in combination with one or more 
piezoelectric sensor assemblies (42). Further, the sensor system may include diagnostics for monitoring one 
or more of the sensor assemblies (42) in order to detect a sensor failure, while not interfering with the impact 



signals from the sensor assemblies (42). 
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(54) Vehicular deformation sensor system 

(57) A sensor system tor detecting impacts to a ve- 
hicle, allowing for actuation decisions of passive re- 
straint devices. The sensor system includes one or more 
piezoelectric sensor assemblies (42), each including a 
coaxial piezoelectric cable (44) contained within a tube 
housing (54), which is mounted to a structural member 
of the vehicle. The sensor system may also include ac- 



celerometers (36, 38) that are also in communication 
with the restraints control module (40) and employed in 
combination with one or more piezoelectric sensor as- 
semblies (42). Further, the sensor system may include 
diagnostics for monitoring one or more of the sensor as- 
semblies (42) in order to detect a sensor failure, while 
not interfering with the impact signals from the sensor 
assemblies (42). 
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Description 

[0001] The present invention relates to a vehicle sen- 
sor assembly for detecting vehicular impacts causing 
deformation of the structural members of the vehicle. 
[0002] Almost all vehicles presently produced include 
some type of a passive restraint system to protect vehi- 
cle occupants, or others, during a vehicle impact event. 
Such passive restraint systems may include, for exam- 
ple, front and side airbags within the passenger com- 
partment, seat belt pretensioners, and pedestrian air- 
bags near the front of a vehicle. In order for the passive 
restraints to operate quickly when needed, and only 
when actually needed, sensor systems must be mount- 
ed on the vehicle to determine the severity and type of 
impact and actuate the proper passive restraint devices. 
[0003] Some types of sensors used for impact meas- 
urements on vehicles approximate or infer the type of 
impact being experienced. Such sensors may be, for ex- 
ample, accelerometers, pressure sensors and crush- 
zone switches. While they can work adequately, it is de- 
sirable to improve the discrimination ability of vehicle im- 
pact sensing systems thus improving the passive re- 
straint deployment decision upon vehicle impact. 
[0004] Accelerometers, when used alone, may re- 
quire very complex computer algorithms in order to 
properly distinguish various impact events. Pressure 
sensors have also been suggested, but may be too sus- 
ceptible to changes to the surrounding vehicle environ- 
ment. Further, simple switch contacts around the vehicle 
perimeter may be used but give little information regard- 
ing the intruding object's profile and/or velocity, making 
passive restraints deployment decisions difficult. Con- 
sequently, a desire exists to provide for more accurate 
sensing that will allow for discrimination between differ- 
ent types and severities of vehicle impact events to pro- 
vide improved passive restraint actuation decisions, 
within minimal time frames. 

[0005] According to a first aspect of the present inven- 
tion, there is provided a vehicle sensor assembly for de- 
tecting vehicular impacts causing structural members of 
a vehicle to deform, the sensor assembly comprising a 
coaxial piezoelectric cable for detecting strain applied 
thereto; a tube housing having a cavity extending along 
its length with the piezoelectric cable contained within 
the cavity; means adapted for mounting the tube hous- 
ing adjacent to one of the structural members of the ve- 
hicle, and extending generally along the member; and 
a controller in communication with the piezoelectric ca- 
ble for receiving strain related signals therefrom. 
[0006] According to a second aspect of the invention, 
there is provided a method of detecting impacts with a 
vehicle having structural members that deform in an im- 
pact and at least one passive restraint, the method com- 
prising the steps of sensing an impact induced strain in 
the vehicle structural member with a coaxial piezoelec- 
tric cable and producing a corresponding strain signal; 
sensing the acceleration of the vehicle and producing a 



corresponding acceleration signal; determining the se- 
verity of the impact from the strain signal and the accel- 
eration signal; comparing the severity of impact to a 
threshold value; and actuating the at least one passive 
5 restraint if the threshold is exceeded by the severity of 
impact. 

[0007] According to a third aspect of the invention, 
there is provided a passive restraint system in a vehicle, 
having structural members, the passive restraint system 

10 comprising a coaxial piezoelectric cable for detecting 
strain applied thereto; a tube housing having a cavity 
extending along its length with the piezoelectric cable 
contained within the cavity; means for mounting the tube 
housing adjacent to one of the structural members of 

15 the vehicle, and extending generally along the member; 
a controller in communication with the piezoelectric ca- 
ble for receiving strain related signals therefrom; and a 
passive restraint mounted within the vehicle and actua- 
ble by the controller. 

20 [0008] An advantage of the embodiment of the pre- 
ferred embodiment of the present invention is that it em- 
ploys a piezoelectric cable mounted to structural mem- 
bers of a vehicle to discriminate between different im- 
pact events and provide a signal used to determine de- 

25 ployment of passive restraints within a vehicle. 

[0009] A further advantage of the preferred embodi- 
ment of the present invention is that the piezoelectric 
cable sensor can be employed in combination with one 
or more acceleration sensors in order to further improve 

30 the passive restraints deployment decision. 

[0010] A further advantage of the preferred embodi- 
ment of the present invention is that the piezoelectric 
cable provides a variable output that is used to discrim- 
inate between various impact situations, thus improving 

35 passive restraint deployment decisions. 

[0011] A further advantage of the preferred embodi- 
ment of the present invention is that the piezoelectric 
sensor cable is mounted within a protective housing that 
will prevent inadvertent signals from actuating passive 

40 restraints due to non-impact events such as a vehicle 
door being slammed, etc. 

[0012] A further advantage of the preferred embodi- 
ment of the present invention is that a diagnostic check 
is employed without interfering with the sensor impact 

45 signal to assure that the piezoelectric sensor system is 
operating properly, while also assuring proper control of 
the passive restraints, as the vehicle ages. 
[001 3] The invention will now be described further, by 
way of example, with reference to the accompanying 

50 drawings, in which: 

Fig. 1 is a schematic plan view of a vehicle, includ- 
ing sensors, in accordance with the present inven- 
tion; 

55 Fig. 2 is a schematic side view of a vehicle door, 
with a sensor assembly mounted thereon; 
Fig. 3 is a schematic, cutaway, perspective view of 
a sensor assembly and cable illustrating the differ- 



2 



3 



EP 0 995 639 A2 



4 



ent layers of the sensor assembly; 

Fig. 4 is a schematic plan view of a vehicle front end 

and sensor; 

Figs. 5A - 5C are graphical illustrations of the ap- 
proach of the side of a vehicle to a pole and impact 
therewith, in accordance with the present invention; 
Figs. 6A - 6C are graphical illustrations of the sensor 
output, corresponding to Figs. 5A - 5C, respectively; 
and 

Fig. 7 is a schematic illustration of diagnostics as- 
sociated with the sensor. 

[0014] A vehicle 20 including the present invention is 
illustrated in Figs. 1 - 4. The vehicle has front 22 and 
rear 24 seats in a passenger compartment 26. Mounted 
in proximity to each seat is a seat belt 28, each of which 
may be equipped with pretensioners 30. Mounted in 
front of the two front seats 22 are front airbags 32. The 
illustrated vehicle 20 includes four doors 35, with side 
airbags 34 mounted alongside them, adjacent the front 
22 and rear 24 seats. A front bumper 37 is mounted to 
the vehicle 20, with a pedestrian airbag 39 mounted in 
proximity to the bumper 37. 

[001 5] The veh icle 20 may also be equ ipped with ac- 
celerometers, a first frontal accelerometer 36 oriented 
to sense longitudinal acceleration of the vehicle and a 
second side accelerometer 38 oriented to sense side- 
to-side (i.e., lateral) acceleration. Alternatively, the two 
accelerometers can be replaced with a single dual-axis 
acceleration sensor if so desired. These accelerometers 
36, 38 are electronically connected to and in communi- 
cation with a restraints control module 40. 
[0016] Piezoelectric sensor assemblies 42 are also 
electrically connected to the restraints control module 
40 via signal processing modules 43. Each of the sensor 
assemblies 42 includes coaxial piezoelectric cable 44. 
The cable 44 includes a generally cylindrical centre con- 
ductor 46 surrounded by a piezo-polymer 48, such as 
polyvinylidene fluoride, which is in turn surrounded by a 
copper shield 50 and a polyethylene jacket 52. Hollow 
cylindrical tube housings 54 include cavities that sur- 
round each of the cables 44 and act as shields to protect 
against damage to the sensors and limit erroneous de- 
formation sensing by the cable 44. While illustrated as 
a full cylinder, the tube can also take other forms; it can 
be a U-shaped member or a material laminated to the 
jacket 52, which will also protect against damage. Thus, 
when referring to the tube housing 54 herein, the other 
possible shapes are also meant to be included. 
[001 7] The housings 54 are mounted to various struc- 
tural elements of the vehicle 20 generally around por- 
tions of its perimeter, near its outer surface, although 
they may also be mounted to structural members de- 
signed to deform and absorb crash energy, even though 
not an outer surface. Generally, the sensor assemblies 
42 will be mounted in areas around the vehicle body in 
which impact sensing is desired. Sensor assemblies 42 
can be mounted in all four doors 35, between inner 31 



and outer 33 door panels, as well as behind the front 
bumper 37 of the vehicle 20. Other locations may also 
be desirable. For example, the piezoelectric sensor as- 
sembly 42 may also be mounted to the chassis frame 

s rails 41 of a vehicle. Further, given the flexibility inherent 
in this type of cable, the sensor assembly 42 need not 
be mounted along a straight line path. As can be seen 
along the passenger side frame rail 41 in Fig. 1 , the ca- 
ble is mounted in a generally sinusoidal pattern along 

10 the rail. Other shapes may also be employed, depend- 
ing upon the particular component and the output re- 
sponse desired. 

[001 8] For example, as can be seen in Fig. 2, the sen- 
sor assembly 42 is illustrated mounted within a vehicle 

is door 35. A main structural reinforcement beam 56 is af- 
fixed to the door outer panel 33, with the sensor assem- 
bly 42 mounted securely thereto via attachment points 
58. The attachment points 58, can be fasteners, weld- 
ing, etc., so long as the sensor assembly 42 is securely 

so and rigidly mounted to the structure. 

[001 9] Fig. 4 illustrates an example of one of the sen- 
sor assemblies 42 mounted just behind the front bumper 
37. This sensor assembly 42 will detect impacts to the 
front bumper 37 and allow for two possible separate and 

25 different deployments. The first may be the pedestrian 
airbag 39 if the impact occurs without a large decelera- 
tion of the vehicle. The second may be the front airbags 
32 if impact is detected by the piezoelectric sensor 44 
mounted behind the front bumper and the frontal accel- 

30 erometer 36 detects a deceleration of the vehicle above 
a predetermined threshold. This of course, assumes 
that the frontal accelerometer 36 is also employed for 
that particular vehicle. Of course, one may desire to em- 
ploy the sensor assemblies 42 without the accompany- 

35 jng accelerometers depending upon the particular use 
of the sensor assemblies 42. 

[0020] Fig. 7 illustrates a schematic of diagnostics for 
each of the piezoelectric sensor assemblies 42 on the 
vehicle. Given that there may be potential for damage 

40 to any one of the piezoelectric sensor assemblies 42 
over the life of a vehicle, the signal processing modules 
43 and/or the restraints control module 40 not only proc- 
esses signals to determine impact events, but also may 
include the capability for diagnostics. The modules 40, 

45 43 include signal processing circuitry 68 and diagnostic 
signal generation circuitry 70. Also, each of the sensor 
assemblies 42 includes an electrical connection 72 con- 
nected between the module 43 and the copper shield 
50. 

so [0021] The operation of the system will now be dis- 
cussed. The piezoelectric sensor in the crush zone of 
the vehicle provides a variable output proportional to the 
strain induced in the sensor from an intruding object dur- 
ing an impact. It will be noted that this sensor assembly 

55 is particularly easy to mount around the perimeter of the 
vehicle 20 or in other locations such that it will deform 
early in an impact event. 

[0022] Figs. 5A - 5C illustrate an example showing a 
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sequence of views illustrating a side impact into the ve- 
hicle door 35 by a pole 60 and the deformation of the 
piezoelectric cable 44, while Figs. 6A - 6C illustrate a 
corresponding voltage signal 62 transmitted by the sig- 
nal processing modules 43 during this pole impact 
event. In Fig. 5A, the pole 60 is seen as still spaced from 
the outer door panel 33 of the door 35, hence the voltage 
signal 62, illustrated in Fig. 6A, is constant, indicating 
no strain sensed by the cable. In Fig. 5B, the pole 60 
has just begun to impact and deform the outer door pan- 
el 33 a very small amount, but has not penetrated suf- 
ficiently to impart a strain to the piezoelectric cable 44, 
and so, as is seen in Fig. 6B, the voltage signal 62 is 
again constant. Fig. 5C illustrates the pole 60 sufficiently 
penetrating the outer door panel 33 that the piezoelec- 
tric cable 44 is now deformed from the force of the im- 
pact. Fig. 6G illustrates the voltage signal 62 which has 
now changed to reflect the amount of strain induced in 
the sensor. 

[0023] This signal 62 is sent via the signal processing 
module 43 to the restraints control module 40, which 
then interprets the signal 62 to discriminate between dif- 
ferent types and severity of impacts. Given that different 
types of objects impacted, such as poles, barriers, pe- 
destrians and other vehicles, will produce different sen- 
sor output signals for a given speed and acceleration of 
the vehicle during the impact event, the signal 62 will 
vary accordingly. The ability to distinguish, for example, 
pole-impact events from low-speed barrier impacts, will 
provide a more accurate decision from the restraints 
control module 40 for when to deploy a passive restraint 
device. 

[0024] The restraints control module 40 includes 
hardware and/or software for processing incoming sig- 
nals, determining if a passive restraint threshold has 
been met and sending a signal to the passive restraints, 
such as the front airbags 32, the side airbags 34, and/ 
or the seat belt pretensioners 30. 
[0025] In order to further improve impact determina- 
tion and passive restraint firing decisions, one may wish 
to employ output from the piezoelectric sensor assem- 
blies 42 along with the output from the acceleration sen- 
sors 36, 38. The accelerometers 36, 38 are illustrated 
in Fig. 1 and also provide output signals processed by 
the restraints control module 40. While the acceleration 
sensors are illustrated in the preferred embodiment, 
they are not necessary for operation of the piezoelectric 
sensors. 

[0026] For example, the particular piezoelectric sen- 
sor 42 near the impact location may be used as the pri- 
mary impact detection sensor, with the centrally mount- 
ed accelerometers employed as safing sensors. In this 
way, the characteristics of the strain detected by the pi- 
ezoelectric sensors may be tempered by the amount of 
acceleration experienced by the vehicle as is detected 
by one or both of the accelerometers 36, 38. Another 
example of impact detection in which the different sen- 
sors are employed may include employing the acceler- 



ometers 36, 38 as the primary sensors for impact 
events, and modifying the thresholds for the deployment 
decision based upon the strain detected by a particular 
one of the piezoelectric sensor assemblies 42. 
s [0027] The operation of the piezoelectric sensor as- 
sembly 42 also includes a diagnostics protection system 
to ensure the integrity of the sensors. The diagnostic sig- 
nal generation circuitry 70 generates a signal 80 on the 
copper shield 50 with a predetermined voltage at low 
frequency, for example around five volts at about five to 
twenty hertz. This signal 80 is inherently capacitivefy 
coupled to the centre conductor 46 through the piezo- 
polymer dielectric 48. The resulting output signal 82 
emerging from the signal processing circuitry 68 results 
in a low voltage, low frequency output, for example 200 
millivolts at five to twenty hertz, which can be monitored 
within either the signal processing module 43 as shown, 
or the restraints control module 40 if so desired. An al- 
gorithm within the module 43 will monitor this signal 
apart from the main signal being received for impact de- 
tection purposes. Any absence of this output signal 82 
indicates a connectivity failure somewhere in the sens- 
ing system. An error signal can then be sent to a light 
on the vehicle instrument panel to indicate such to the 
vehicle operator. 
[0028] This diagnostic monitoring, then, can be done 
continuously, even as impact detection is being moni- 
tored since the low frequency, low amplitude of the di- 
agnostic output signal 82 will not interfere with the im- 
pact detection signal. 



Claims 

35 1 . A vehicle sensor assembly for detecting vehicular 
impacts causing structural members of a vehicle to 
deform, the sensor assembly comprising: 

a coaxial piezoelectric cable (44) for detecting 
40 strain applied thereto; 

a tube housing (54) having a cavity extending 
along its length with the piezoelectric cable (44) 
contained within the cavity; 
means (56,58) adapted for mounting the tube 
45 housing (54) adjacent to one of the structural 

members of the vehicle, and extending gener- 
ally along the member; and 
a controller (40) in communication with the pi- 
ezoelectric cable (44) for receiving strain relat- 
50 ed signals therefrom. 

2. A vehicle sensor assembly as claimed in claim 1 , 
wherein the piezoelectric cable is adapted to be 
mounted on a frame rail of the vehicle in a side door 

55 of the vehicle, extending generally along the length 
of the door. 

3. A vehicle sensor assembly as claimed in claim 1 , 
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wherein the piezoelectric cable is adapted to be 
mounted behind a front bumper of the vehicle, ex- 
tending over a portion of the length of the front 
bumper. 

4. A vehicle sensor assembly as claimed in claim 3, 
wherein the controller is adapted to be in commu- 
nication with a pedestrian airbag mounted in prox- 
imity to the front bumper of the vehicle. 

5. A vehicle sensor assembly as claimed in claim 1, 
wherein the controller is adapted to communicate 
with at least one of a seat belt pretensioner, a front 
airbag and a side airbag. 

6. A vehicle sensor assembly as claimed in any pre- 
ceding claim, further including an accelerometer 
sensor, oriented to detect acceleration in a longitu- 
dinal direction and/or a lateral direction of the vehi- 
cle, and in communication with the controller. 

7. A vehicle sensor assembly as claimed in any pre- 
ceding claim, further comprising: 



1 0. A method of detecting impacts with a vehicle having 
structural members that deform in an impact and at 
least one passive restraint, the method comprising 
the steps of: 

5 

sensing an impact induced strain in the vehicle 
structural member with a coaxial piezoelectric 
cable and producing a corresponding strain sig- 
nal; 

10 sensing the acceleration of the vehicle and pro- 

ducing a corresponding acceleration signal; 
determining the severity of the impact from the 
strain signal and the acceleration signal; 
comparing the severity of impact to a threshold 

is value; and 

actuating the at least one passive restraint if the 
threshold is exceeded by the severity of impact. 



a second coaxial piezoelectric cable, for detect- 25 
ing strain applied to thereto, and in communi- 
cation with the controller; 
a second tube housing having a cavity extend- 
ing along its length with the second piezoelec- 
tric cable contained within the cavity; and 30 
means adapted for mounting the second tube 
housing adjacent to a different one of the struc- 
tural members of the vehicle. 



8. A vehicle sensor assembly as claimed in any pre- 35 
ceding claim, wherein the piezoelectric cable in- 
cludes a generally cylindrical centre conductor sur- 
rounded by a piezo-polymer, with the piezo-polymer 
surrounded by a copper shield and a jacket. 

40 

9. A passive restraint system in a vehicle, having 
structural members, the passive restraint system 
comprising: 



a coaxial piezoelectric cable for detecting strain 
applied thereto; 

a tube housing having a cavity extending along 
its length with the piezoelectric cable contained 
within the cavity; 

means for mounting the tube housing adjacent so 
to one of the structural members of the vehicle, 
and extending generally along the member; 
a controller in communication with the piezoe- 
lectric cable for receiving strain related signals 
therefrom; and ss 
a passive restraint mounted within the vehicle 
and actuable by the controller. 
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